Particles in the atmosphere reflect incoming sunlight, tending to cool the Earth below. Some particles, such as soot, also absorb sunlight, which tens to warm the ambient atmosphere. Aerosol optical depth (AOD) is a measure of the amount of particulate matter in the atmosphere, and is a key input to computer models that simulate and predict Earth's changing climate. The global AOD products from the Multi-angle Imaging SpectroRadiometer (MISR) and the MODerate resolution Imaging Spectroradiometer (MODIS), both of which fly on the NASA Earth Observing System's Terra satellite, provide complementary views of the particles in the atmosphere. Whereas MODIS offers global coverage about four times as frequent as MISR, the multi-angle data makes it possible to separate the surface and atmospheric contributions to the observed top-of-atmosphere radiances, and also to more effectively discriminate particle type. Surface-based AERONET sun photometers retrieve AOD with smaller uncertainties than the satellite instruments, but only at a few fixed locations. So there are clear reasons to combine these data sets in a way that takes advantage of their respective strengths. This paper represents an effort at combining MISR, MODIS and AERONET AOD products over the continental US, using a common spatial statistical technique called kriging. The technique uses the correlation between the satellite data and the "ground-truth" sun photometer observations to assign uncertainty to the satellite data on a region-by-region basis. The larger fraction of the sun photometer variance that is duplicated by the satellite data, the higher the confidence assigned to the satellite data in that region. In the Western and Central US, MISR AOD correlation with AERONET are significantly higher than those with MODIS, likely due to bright surfaces in these regions, which pose greater challenges for the single-view MODIS retrievals. In the east, MODIS correlations are higher, due to more frequent sampling of the varying AOD. These results demonstrate how the MISR and MODIS aerosol products are complementary. The underlying technique also provides one method for combining these products in such a way that takes advantage of the strengths of each, in the places and times when they are maximal, and in addition, yields an estimate of the associated uncertainties in space and time.
1 INTRODUCTION

25
Atmospheric aerosols play an important and dynamic role in climate and atmospheric chemistry. The 26 climatic effects of aerosols had already been recognized in the 1970s [Andreae, 1995] but the focus of 27 scientific attention shifted only during the late 1980s due to the impact of the growing concentrations of 28 CO 2 and other greenhouse gases. Although the radiative forcing of aerosols is still highly uncertain 29 [IPCC, 2007] , it is well understood that aerosols contribute significantly to reflected solar radiation (the 30 aerosol direct effect) and modify cloud properties (the aerosol indirect effect), producing a net cooling of 31 the Earth surface, and can also absorb sunlight, thereby warming the ambient atmosphere. Because 32 aerosols have short atmospheric lifetimes of about a week [Andreae, 1986] , they have a heterogeneous 33 spatial and temporal distribution. Accurately capturing this heterogeneity, and assessing the impact of 34 tropospheric aerosols on regional and global energy budgets, therefore requires diurnally resolved 35 observations from some combination of satellite and suborbital measurements.
36
Two space-based instruments that aim to fulfill this need are the Multi-angle Imaging SpectroRadiometer
(MISR) and Moderate Resolution Imaging Spectroradiometer (MODIS) aboard the NASA Earth
38 ObservDWLRQtL 6\V ¶TLrP ¶V q 7HL, which are used to derive observations of the tropospheric aerosol 39 optical thickness (AOT), among other parameters [Diner et al., 1998; Kaufman et al., 1997] . Column 40 AOT is defined as the integral of aerosol extinction from the surface to the top of the atmosphere.
41
Although these two sensors are on the same platform, discrepancies exist between them in retrieved AOT 42 over both land and ocean regions [Penner et 
In this case, the variogram analysis is carried out on the detrended AERONET AOT data ( z f 281 Finally, the geostatistical data fusion analysis is presented using two test cases, the first being over the 282 Eastern US during autumn, and the second over the Western US during summer (Figure 2 ). Table 1 283 outlines the details of these two test cases. For these test cases, the study region is broken up into 0. 
289
As will be shown in Section 4.2, there is little significant temporal correlation in the day-to-day variability 290 in the MISR and MODIS AOT within a 7-day period. As a result, the geostatistical data fusion is 291 performed in one-week increments, using weekly-averaged AOT data from AERONET, MISR The results of the correlation analysis are presented in Table 2 , and reveal that MISR data have a stronger 328 correlation to AERONET data (=0.47 to 0.92) than do MODIS data (=0.09 to 0.61) across seasons in 329 the Western and Central regions. Given that the correlation coefficient is an indication of the degree of 330 linear covariability between the datasets, this implies that MISR is better able to explain the variability in 331 the AERONET AOT than MODIS over these regions. Note that for MODIS, the "standard" product was 332 used in this paper, and it is plausible that using the more recent "Deep Blue" product, which was not 333 available at the time of analysis, would have shown better agreement with the AERONET AOT, at least 334 over bright surfaces. On the other hand, the particle properties used in the MODIS standard AOT retrieval 
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Hence, the results of this analysis indicate that temporal correlation is not significant at for time lags up 375 to 7 days, and therefore that MISR and MODIS data taken over a week can be integrated into a single 376 map. In other words, multiple days of data can be used concurrently to inform the data fusion analysis.
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Note that the lack of temporal correlation does not necessarily imply a lack of temporal variability, but 378 simply that the observed AOT is not correlated from day to day. Page | 21
398
Seasonal changes in the spatial variability of AOT will impact the uncertainty estimates obtained from 399 universal kriging. During the summer months, due to the longer correlation lengths and smaller variance, 400 the AOT estimates will have lower uncertainty, while, conversely, during the winter months, we can 401 expect higher estimation uncertainties.
402 One interesting conclusion from Figure 3 is that the MODIS AOT variance is higher than that for MISR, 403 across all seasons. This is due in part to the fact that the more frequent and finer scale MODIS sampling 404 captures more small-scale AOT variability than MISR. The second reason for this higher variance is that, 405 due to its exclusively near-nadir viewing geometry, MODIS has a greater sensitivity to variability in 406 surface brightness on small spatial scales, which in turn introduces some additional variability into the 407 MODIS AOT retrievals. Neither of these features hinders the application of the universal kriging 408 approach presented in this work. However, it has implications for researchers pursuing assimilation of 409 MISR and MODIS radiance data, or looking to improve the retrieval algorithms of these two sensors.
4.3 Data Fusion Results
411
Figures 4 and 5 show the estimated AOT field for one week of each of the case studies described in Table   412 1. The Eastern test case demonstrates that the universal kriging AOT estimates are better than the All three examined datasets were found to display strong spatial correlation in their measured AOT 462 distributions. Although the total degree of AOT variability differed between MISR and MODIS, the 463 spatial scales of this variability were similar for these instruments. The day-to-day temporal correlation in 464 MISR or MODIS AOT observations was found to be minimal, due at least in part to limited temporal 465 sampling, making it possible to integrate such observations over multiple days to better infer the spatial 466 distribution of AOT.
467
As an increasing number of remote sensing observations become available, data fusion approaches such 468 as the one presented here may hold the key to furthering our understanding of atmospheric aerosols.
469
Although differences between instruments are always present, the approach implemented here takes west, where bright surfaces and mixtures of spherical particles and non-spherical dust dominate, and in 647 the winter months, when total-column AOT tends to be low, and AOT is near the sensitivity limit of the 648 satellite instruments. 
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